Habermehl et al. European Journal of Medical Research 2014, 19:24 
http://www.eurjmedres.eom/content/1 9/1 /24 



EUROPEAN JOURNAL 
OF MEDICAL RESEARCH 



RESEARCH Open Access 



Palliative radiation therapy in patients with 
metastasized pancreatic cancer - description of a 
rare patient group 

Daniel Habermehl 1 ' 3 *, Ingo C Brecht 2 , Jurgen Debus 3 and Stephanie E Combs 1,3 



Abstract 

Background: Pancreatic cancer (PAC) patients experience a high rate of locoregional recurrences and distant 
metastasis finally leading to their demise even after curatively-intended multidisciplinary treatment approaches 
including surgery, chemotherapy and radiotherapy. However, clinical reports on bone and brain metastases in PAC 
patients are extremely rare and thus timing and dose description are not well defined. Our work therefore 
summarizes a mono-institutional experience on the use of radiotherapy (RT) for PAC patients with metastatic 
disease with the aim of identifying overall survival and treatment response in this rarely reported patient group. 

Method: Forty-four PAC patients with 66 metastatic lesions were treated with palliative radiotherapy (RT). Thirty-three 
patients (48 lesions), 7 patients (1 1 lesions) and 5 patients (7 lesions) with bone, liver and brain metastases analyzed 
respectively were analyzed; one patient had both bone and cerebral metastases and was treated for the lesions, 
thus including him in both subgroups. Indications for RTwere pain, neurological impairment, risk of pathological 
fracture or imminent danger for development of any of these conditions in case of tumor progression. Median age 
was 64 years (range 38 to 78 years) and there were 27 male (61%) and 17 (39%) female patients. Analyses of overall 
survival (OS) and local control were performed. OS was calculated from the first day of RT. 

Results: Median overall survival (mOS) of all patients after start of RT was 4.2 months. Survival rates after 1, 3 and 6 
months were 79.3%, 55.3% and 30.3% respectively. Patients presenting with bone metastasis had a mOS of 3.1 
months and after 1, 3 and 6 months, survival rates were 75.3%, 46.5% and 19.9% respectively. Symptomatic 
response to therapy was recorded in 85% of all evaluated patients with bone metastasis. Patients undergoing 
radiosurgery because of liver metastasis were locally controlled in all but one patient after a median follow-up of 
8.3 months. 

Conclusion: Overall survival of all patients with metastatic disease was considerably worse. A major goal for the 
future must be the selection of an appropriate RT treatment in terms of duration and technique for these PAC 
patients. 
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Background 

Pancreatic cancer (PAC) patients experience a high rate 
of locoregional recurrences and distant metastasis finally 
leading to their death even after curatively-intended 
multidisciplinary treatment approaches including sur- 
gery, chemotherapy and radiotherapy [1,2]. To date, 
concepts with pure palliative aim can be separated from 
semi-curative treatment for oligometastasized lesions 
due to the biological differences of the underlying dis- 
ease. Local intensified treatment options of isolated 
local recurrences consist of either radical surgical ap- 
proaches or neoadjuvant chemoradiation in case of 
unresectability [3-5]. In cases of peritoneal metastasis 
which frequently occur or in cases of distant metastasis 
predominantly to the liver and lungs, systemic therapy 
with, for example, FOLFIRINOX or gemcitabine (GEM) 
or other novel approaches including molecular targeted 
treatments, is the palliative treatment of choice with im- 
pact on overall survival (OS) compared to observation 
alone [6]. The landmark trial of the PRODIGE-group 
that introduced FOLFIRINOX as the new standard of 
care for PAC patients with metastatic disease showed a 
median overall survival (mOS) of approximately 11 
months compared to 6.8 months for the GEM group; 
however only patients with a good performance status 
(ECOG 0 or 1) were included. This explains the worse 
outcome with a mOS of only 5.7 months in the GEM- 
group of the initial trial of [7] that favored GEM over 
fluorouracil [7]. As clinical trial patient groups are highly 
selected, one may consider a shorter OS for many patients 
after diagnosis [8,9]. 

Whereas liver, lung and peritoneal metastases are often 
diagnosed in PAC patients during the treatment or follow- 
up period, knowledge on the incidence of bone, soft tissue 
and brain metastases is limited. While brain metastases 
can lead to life threatening conditions by inducing perifo- 
cal edema and to a sudden decline in vigilance or head- 
aches, seizures, nausea and dizziness, bone metastases 
may cause pain and can lead to pathological fractures and 
spinal cord compression with consecutive serious neuro- 
logical symptoms [10,11]. However, palliative radiotherapy 
has shown high efficacy in palliation and prevention of 
symptoms in gastrointestinal cancer [12,13]. 

Today, clinical reports on bone and brain metastases 
in PAC patients are relatively rare and thus timing and 
dose description regimens in this tumor entity are not 
well defined [14-16]. Especially in the palliative setting, 
intensity and appropriateness of any therapy has to be 
well chosen and adapted to the patients' individual prog- 
nosis to avoid overtreatment by applying longer treat- 
ment schedules than are necessary [17,18]. 

To provide a data basis for subsequent clinical study 
concepts in the oligometastasized situation as well as 
patients with a disseminated disease status, our work 



summarizes a mono-institutional experience on the use of 
radiotherapy (RT) for PAC patients with metastatic dis- 
ease with the aim of determining survival after RT and 
treatment response in this rarely reported patient group. 

Methods 

Patient characteristics 

From 1997 to 2011, a total of 44 PAC patients with meta- 
static disease incorporating 66 lesions were treated with 
palliative radiation therapy (RT). Hereof, 33 patients (48 
lesions) presented with bone metastases, 7 patients (11 
lesions) with liver metastases, and 5 patients (7 lesions) 
with brain metastases. Indications for RT depended on the 
location of the lesions and included pain, neurological 
impairment, risk of pathological fracture or imminent 
danger for development of any of these conditions in 
case of tumor progression as a means of prospective palli- 
ation. All patients were discussed in an interdisciplinary 
setting. Median age was 64 years (range 38 to 78 years) 
and there were 27 male (61%) and 17 (39%) female pa- 
tients. All patient characteristics are shown in Table 1. Our 
study was approved by the Institutional Review Board/the 
independent Ethics Committee of the Medical Faculty 
Heidelberg (reference number: S-483/2011). 

Radiotherapy 

Treatment of bone, brain and liver metastases was per- 
formed using LINAC-based external-beam radiotherapy. 
For brain metastases, fixation with an individual mask fix- 
ation was performed as described previously [2,19]. For 
whole brain radiotherapy (WBRT), two opposed lateral 
fields were applied. Stereotactic radiosurgery (SRS) was per- 
formed after individual mask fixation using Scotchcast ma- 
terial, and computed tomography (CT) imaging was 
performed with the stereotactic base frame attached to 
the mask [19,20]. CT imaging with and without contrast 
enhancement, as well as contrast-enhanced magnetic res- 
onance imaging (MRI) were used for target volume de- 
lineation. We defined the gross tumor volume (GTV) as 
the contrast-enhancing lesion on CT and MRI, and added a 
planning target volume (PTV) of 1 to 2 mm. Dose prescrip- 
tion was performed according to the size and the location 
of the lesion following the guidelines by Shaw et al [21]. 

Confirmation of bone metastasis was performed radio- 
logically by CT and in some cases also by bone scintigraphy. 

As described above, the standard radiotherapy proto- 
cols include fractionation regimen of 10 x 3 Gy (20 le- 
sions, 30%) and 20 x 2 Gy (18 lesions, 27%) (Table 2). In 
49% of all treatments (33/67 lesions), a hypofractiona- 
tion protocol was applied with single fractions between 
2.5 and 4 Gy. In 42% of the irradiated metastases (28/67 
lesions), a normofractionated schedule with single frac- 
tions of 1.8 Gy or 2 Gy were applied. In a further six 
cases, patients firstly underwent a normofractionation 
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Table 1 Patients with bone metastasis - details and 



treatment characteristics 


Lesion and treatment characteristics 


Number 


Radiotherapy indication 




Patient number 


33 


Lesion number 


48 


Pain 


44/48 (92%) 


Instability 


24/48 (50%) 


Neurological impairment 


4/48 (8%) 


Radiotherapy 




Overall dose (median, range) 


30 Gy (3 to 40 Gy) 


Single dose (median, range) 


3 Gy (2 to 8 Gy) 


Number of fractions (median, range) 


10 (1 to 20) 


Number of applied doses > 30 Gy 


38 


Number of treatment schedules > 20 days 


10 


Most frequent treatment schedules 


10x3Gy, 26 lesions (54%) 


Short Protocol (SF 4 or 8 Gy) 


5/48 lesions (10%) 


Conventional fractionation (SF 2/2.5 Gy) 


11/48 lesions (23%) 


Treatment duration (median, range) 


15 (1 to 30 days) 


Early discontinuation 


7/48 lesions (15%) 


Previous systemic treatment 


26 (79%) 


Symptom response 


18/33 (55%) 


Localization 




Spine 


30 (63%) 


Upper/lower extremities 


2 (4%) 


Pelvis 


8 (17%) 


Skull base 


3 (6%) 


Ribs 


2 (4%) 


Shoulder 


4 (8%) 


Spine/sacrum 


1 (2%) 


Spine/ribs 


1 (2%) 


but then switched to a hypofractionated protocol because 


of a worsening of the performance status. 


Radiotherapy was usually performed five days per week. 


The median treatment time was 15 days. In case of radio- 


therapy to bone metastases in the spine, the target volume 


included the non-invaded adjacent vertebral bodies (cranial 


and caudal direction). 




A total of 35 patients were previously treated with sys- 


temic agents (predominantly gemcitabine- containing regi- 


mens) and none of them received concomitant systemic 


treatment during palliative RT according to our institu- 


tional guidelines. 




Liver metastases were irradiated using our in-house 


standard protocol as described previously [4,5,22]. In 


brief, patients were immobilized 


using an individually 


shaped vacuum pillow and an abdominal compression to 


reduce the liver movement. A contrast agent enhanced 



Table 2 Patients with liver metastasis 
treatment characteristics 


- details and 


Patient and treatment details 


Number 


Patient number 


7 


Number of lesions 


11 


Age (median, range) (years) 


64 (53 to 78) 


Irradiation of two lesions in one 


4 


session (patient number) 




Metastases outside liver (patient number) 


2 


Radiotherapy 




Stereotactic radiosurgery 


6/9 


(number of patients/lesions) 




Tomotherapy (number of patients/lesions) 


y 2 


Dose at 80%-isodose (median, range) (Gy) 


24 (20 to 28) 


RS dose 


Number of lesions 


20 Gy 


2 


22 Gy 


1 


24 Gy 


5 


26 Gy 


1 


28 Gy 


2 


Previous systemic treatment 


5 (71%) 


RS, radiosurgery. 



CT scan and a 4D-CT series for quantifying liver motion 
was acquired for treatment planning. The extracranial 
stereotactic set-up has been developed at the German 
cancer research center (dkfz) and is commercially avail- 
able (Leibinger, Freiburg, Germany). The patient is posi- 
tioned in an individually shaped vacuum pillow (Brandis 
Medizintechnik, Weinheim, Germany). The intra- corporal 
movement of the liver was reduced by epigastric compres- 
sion using a triangular Plexiglas or carbon plate. Fixation 
of the plate is performed by two bars, which are firmly at- 
tached to the metal or carbon arch. A Siemens Somatom 
Plus 4 (Siemens, Erlangen, Germany) was used for treat- 
ment planning. A spiral CT scan with 5-mm slice thick- 
ness and 500-mm field of view was performed which 
included the localization system. The patients were ad- 
vised to breathe normally during the scanning time 
without taking deep breaths. 

On the treatment day, patients were repositioned in the 
above mentioned setting using pen marks and another 
control CT scan. Until the year 2003, CT imaging was per- 
formed offline, and, if positioning was adequate; patients 
were brought to the linear accelerator (LINAC) using an 
individual shuttle system leaving the patient in the vac- 
uum bag/abdominal press fixation. In recent years (2004 
to 2009), LINACs (for example, Siemens Artiste, Siemens 
Healthcare, Erlangen, Germany) were equipped with 
on-board imaging as, for example, in case of tomother- 
apy, a combination of the 6 MeV LINAC with CT im- 
aging. Target and OAR contouring was performed using 
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Siemens Dosimetrist and Oncologist software (Siemens 
Sector Healthcare, Erlangen, Germany), and inverse 
treatment planning was conducted applying the Hi- ART 
Tomotherapy planning software (TomoTherapy Inc., 
Madison, WI, USA). Dose constraints for adjacent or- 
gans at risk and the liver were used according to Emami 
et al and Dawson et al [23,24]. In the current analysis 
we included data on patients which were already de- 
scribed in a previous report on radiosurgery (RS) for 
liver metastasis from our institution [4,5]. 

Follow-up and statistics 

Overall survival was calculated from the first day of irradi- 
ation until death. Information on follow-up with radio- 
logical data on treatment response was available in 29 of 
44 patients (66%). The log- rank test was implemented to 
compare survival curves evaluating the association be- 
tween clinical variables of interest and survival. All cal- 
culations were performed using the statistical software 
program SPSS 18.0 for Windows (Chicago, IL, US). 

Results 

Median survival of all patients was 4.2 months (95% 
confidence interval (CI) 2.4 to 6.0). Survival rate after 1, 
3 and 6 months was 79.3%, 55.3% and 30.3% respect- 
ively (Figure 1). 



Patients with bone metastasis 

There was a total number of 33 patients with 48 bone le- 
sions. Lesion and treatment details are listed in Table 1. 
Patients presenting with bone metastasis had a mOS of 
3.1 months (95% CI 1.9 to 4.3) and after 1, 3 and 6 
months, survival rates were 75.3%, 46.5% and 19.9% re- 
spectively. RT indications were as follows: pain in 44 of 
48 lesions (92%), spinal instability in 24 of 48 cases 
(50%) and consecutive neurological impairment in 4 
cases (8%). Localization of the bone lesions was predom- 
inantly the spine in 30 cases (63%), the pelvis in 8 cases 
(17%) and the upper and lower extremities in 2 (4%), the 
shoulder in 4 (8%), ribs in 2 (4%) and the skull base in 3 
(6%) cases. Treatment protocols varied but most patients 
were treated with 30 Gy in 10 fractions (26 lesions, 
54%). Treatment protocols with single doses of 4 and 8 
Gy were documented in 5 lesions (10%), while conven- 
tional fractionation with single doses of 2 or 2.5 Gy were 
applied in 11 cases (23%). The median number of ap- 
plied fractions was 10 (range 1 to 20). In 38 cases (86%) 
the prescribed overall dose was greater than or equal to 
30 Gy. Median treatment duration was 15 days (range 1 
to 30 days). An early discontinuation was recorded for 8 
treatments (17%). Symptomatic response to RT was con- 
firmed in at least 26 of 30 cases (87%). There was no 
clinical follow-up for the remaining patients. 
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Figure 1 Kaplan-Meier survival curve of all patients. 
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Patients with brain metastasis 

A total of five patients with seven brain metastases were 
analyzed. The median age was 59 years (range 41 to 77) 
and two patients had multiple lesions (defined as more 
than 3 lesions synchronously) (Table 3). Three patients 
had one to three metastases at the time of RT. In all pa- 
tients there were additional confirmed extra-CNS metas- 
tases. Mean survival of patients was 6.3 months (95% CI 
3.9 to 8.6). A total of two patients with four cerebral le- 
sions underwent LINAC-based stereotactic radiosurgery 
with doses of 18 Gy and 20 Gy prescribed to the sur- 
rounding 80%-isodose line. Localization of these four le- 
sions was the cerebellum, the right and left parietal lobe 
and the left frontal lobe. WBRT, because of multiple in- 
tracerebral lesions was performed in three patients with 
a total dose of 30 Gy in 10 fractions (two patients) or 40 
Gy in 20 fractions applied with two lateral opposed beams. 
Three out of four evaluated patients responded to RT in 
terms of improved neurologic function or reduced lesion 
size. One patient had a progressive intracerebral lesion at 
time of the first follow-up MRI. 

Patients with liver metastasis 

Seven patients with eleven lesions were treated with 
high-dose stereotactic radiosurgery (six patients with 
nine lesions) or helical intensity-modulated radiosurgery 
(tomotherapy, one patient with two lesions) (Table 2). 
The median prescribed dose to the 80%-isodose line was 
24 Gy (range 20 to 28 Gy). In four patients, irradiation 
of two lesions in one treatment session was performed. 
Only one local failure was diagnosed during follow-up 
and occurred 1.4 months after treatment. All other le- 
sions were locally controlled during a mean follow-up 
period of 5.4 months (range 1.4 to 20.2 months). All pa- 
tients have deceased during follow-up and mOS was 8.3 
months (range 4.2 to 31.9 months). Of these patients, 

Table 3 Patients with brain metastasis - details and 



treatment characteristics 

Patient and treatment details Number 

Patient number 5 

Number of lesions 7 

Age (median, range) (years) 59 (41 to 77) 

Multiple lesions (>3 lesions; patient number) 2 

One to three lesions (patient number) 3 

Extra-CNS metastases (patient number) 5 

Radiotherapy 

Stereotactic radiosurgery (number of patients/lesions) 2/4 

Dose at 80%-isodose (median, range) (Gy) 20 (18 to 20) 

WBRT (number of patients) 3 

Previous systemic treatment 4 (80%) 
WBRT, whole brain radiotherapy. 



71.4% survived the first 6 months after RT and after 12 
months, 2 patients were still alive (18%). 

Discussion 

This is the first report describing a rare group of patients 
with metastasized PAC in bone, liver and brain undergo- 
ing palliative RT treatment. According to our analysis, 
mOS of the entire group is comparably short at 4.2 
months after initiation of RT. Palliation or prevention of 
clinically relevant symptoms was achieved in a high 
number of patients although follow-up with medical im- 
aging and clinical examination was very short; due to 
the palliative nature of the treatment, in some patients 
follow-up did not included imaging or was only per- 
formed depending on the performance status of the pa- 
tient. In our subset of patients with bone metastasis, 
symptomatic response was recorded in 85% after RT and 
proved therefore a trend in efficacy. Local failure after 
RS treatment of liver metastasis in oligometastasized pa- 
tients was only recorded in one lesion out of eleven le- 
sions in seven patients. RS is a safe and a non-invasive 
treatment method in this patient group and can be applied 
in one session without the disadvantages of prolonged 
treatment duration over several weeks. 

A relatively short follow-up period may be explained 
by the generally dismal prognosis of this patient group 
with reported median survival times of only several 
months or even weeks [6,7]. Even though efficacy of RT 
in palliating symptoms derived from brain or bone me- 
tastasis is well known, treatment duration plays an im- 
portant role especially in poor-prognosis patients. The 
radiation oncologist has to decide carefully about the ap- 
propriate treatment schedule in terms of dose prescrip- 
tion and duration. Customizing radiation treatment in 
cancer patients with advanced and metastatic disease 
with respect to their remaining lifetime is difficult and in 
most cases depends on the physicians' personal opinion. 
Gripp et al examined how palliative patients' survival 
related to physicians' subjective prediction and objective 
prognostic factors and concluded that prediction was 
poor, especially in patients with a remaining life expect- 
ancy of less than one month [17]. In general, clinician- 
predicted survival (CPS) is controversial and many reports 
point to imprecise and overly optimistic predictions in ter- 
minally ill cancer patients [25-29]. 

Recently Holmebakk et al described CPS by surgeons 
for palliative patients and found a prognostic accuracy of 
only 28% for the subgroup of PAC patients [30] . Clinical 
researchers from the MSKCC therefore invented a nor- 
mogram for the prediction of an individual PAC patient 
that was recently validated from de Castro et al [31]. 

In a subgroup of hepatocellular and cholangiocellular 
carcinoma patients with bone metastasis, our group re- 
cently found a comparable poor mOS with 3.4 months 
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compared to 3.1 months of the corresponding subgroup 
in our current analysis [12]. Analysis of prescribed RT 
protocols demonstrated a clear trend towards longer 
treatment schedules and thus longer hospitalization 
rates in terminally ill cancer patients. In a large number 
of cases, RT protocol included 20 fractions of 2 Gy and 
single fraction treatments were not recorded. A total of 
30% of all treatments (20/66 lesions), patients were 
treated for more than 20% of their remaining lifetime, 
and in five patients treatment lasted longer than 50% of 
the remaining lifetime. 

The dismal prognosis of our patient cohort is certainly 
based on the considerably high metastatic potential of 
the underlying PAC. All analyzed patients with brain 
metastases and two out of seven patients treated for liver 
metastases had further metastasis outside of these or- 
gans. A total of four patients of the liver metastasis 
group had multiple lesions. Therefore, PAC patients with 
metastatic disease are rather unlikely to present at an 
oligometastasized stage with one to four metastases. The 
poor prognosis of PAC patients is a result of a highly ag- 
gressive local and distant dissemination pattern of the 
disease. A group of pathologists from the Johns Hopkins 
University in Baltimore has recently performed an ex- 
tensive autopsy study with PAC patients and found a 
local and distant disease progression in 30% and 70% re- 
spectively [32]. Beside the fact, that the group was able 
to correlate the DPC4-genetic status with a more meta- 
static subtype, they also quantified metastatic patterns in 
their report. In summary, the most frequent sites of 
metastatic lesions were the liver and the peritoneum in 
80% and 48% of cases respectively. 

In a large clinical subset of PAC patients with locally 
advanced, but initially not metastasized disease, that under- 
went neoadjuvant chemoradiation with gemcitabine in 
case of unresectable disease, our analysis showed newly 
diagnosed metastases during follow-up predominantly 
located in the liver (52%) and in the peritoneum (36%) 
[2]. This seems to be in accordance with the previously 
mentioned results from the autopsy study but with the 
limitation of a clinical point of view, and thus not de- 
tecting the subclinical disease and, therefore, having a 
diagnostic bias. However, main sites of metastatic dis- 
ease are the peritoneum and the liver. Whereas the liver 
offers a putative target for RT, peritoneal disease dis- 
semination requires systemic or even intra-peritoneal 
cytostatic therapy, for example, in clinical trials. 

Conclusion 

However, according to our results we suggest to subdivide 
PAC patients in a metastasized stage of disease into a first 
group of patients with disseminated disease requiring 
more or less immediate palliative RT because of clinic- 
ally relevant symptoms. The second group consists of 



metastasized PAC patients in an oligometastasized stage 
(one to four metastatic lesions) that may benefit from 
local ablative therapies such as fractionated RT or even 
RS, as did the patients undergoing RS and presenting an 
OS of more than twelve months. For the first group, one 
has to consider a rather short RT schedule in consider- 
ation of the bad prognosis and short OS to avoid unneces- 
sary long RT protocols to the cost of the remaining 
lifetime. For the latter group, a RS procedure is an effect- 
ive local ablative therapy and even in case of a rapidly pro- 
gressive disease after treatment alio loco, the remaining 
lifetime will not be affected as much as by fractionated RT 
protocols, as previously mentioned. 

Abbreviations 

PAC: pancreatic cancer; GEM: gemcitabine; OS: overall survival; mOS: median 
overall survival; RT: radiotherapy; LINAC: linear accelerator; CT: computed 
tomography; GW: gross tumor volume; VWI: planning target volume; 
MRI: magnetic resonance imaging; CI: confidence interval; WBRT: whole brain 
radiotherapy; CNS: central nervous system; RS: radiosurgery; CPS: clinician- predicted 
survival; MSKCC: Memorial Sloan Kettering Cancer Center; DPC4: Deleted in 
pancreatic cancer locus 4. 

Competing interest 

The authors declare that they have no competing interests. 
Authors' contributions 

DH, JD and SEC were responsible for patient treatment and care. ICB 
collected the patients' data. DH collected the patients' data, performed all 
statistical analyses and wrote the manuscript. DH, ICB, JD and SEC 
contributed to the analysis of data and revised the manuscript. SEC helped 
to write and finalized the manuscript. All authors helped with the 
interpretation of the data, read and approved the final manuscript. 

Author details 

department of Radiation Oncology, Klinikum rechts der Isar, TU Munchen, 
Ismaninger Strasse 22, 81675 Munich, Germany, department of Diagnostic 
Radiology, University Hospital of Heidelberg, Im Neuenheimer Feld 110, 
69120 Heidelberg, Germany, department of Radiation Oncology, University 
Hospital of Heidelberg, Im Neuenheimer Feld 400, 69120 Heidelberg, 
Germany. 

Received: 1 1 August 2013 Accepted: 29 April 2014 
Published: 13 May 2014 

References 

1 . Van den Broeck A, Sergeant G, Ectors N, Van Steenbergen W, Aerts R, Topal B: 
Patterns of recurrence after curative resection of pancreatic ductal 
adenocarcinoma. Eur J Surg Oncol 2009, 35(6):600-604. 

2. Habermehl D, Kessel K, Welzel T, Hof H, Abdollahi A, Bergmann F, Rieken S, 
Weitz J, Werner J, Schirmacher P, Buchler MW, Debus J, Combs SE: 
Neoadjuvant chemoradiation with Gemcitabine for locally advanced 
pancreatic cancer. Rodiot Oncol 2012, 7:28. 

3. Strobel 0, Hartwig W, Hackert T, Hinz U, Berens V, Grenacher L, Bergmann F, 
Debus J, Jager D, Buchler M, Werner J: Re-resection for Isolated Local 
Recurrence of Pancreatic Cancer is Feasible, Safe, and Associated with 
Encouraging Survival. Ann Surg Oncol 2012. 

4. Habermehl D, Brecht IC, Bergmann F, Welzel T, Rieken S, Werner J, 
Schirmacher P, Buchler MW, Debus J, Combs SE: Chemoradiation in 
patients with isolated recurrent pancreatic cancer - therapeutical efficacy 
and probability of re-resection. Rodiot Oncol 2013, 8:27. 

5. Habermehl D, Herfarth KK, Bermejo JL, Hof H, Rieken S, Kuhn S, Welzel T, 
Debus J, Combs SE: Single-dose radiosurgical treatment for hepatic 
metastases - therapeutic outcome of 138 treated lesions from a single 
institution. Rodiot Oncol 2013, 8(1):175. 

6. Conroy T, Desseigne F, Ychou M, Bouche 0, Guimbaud R, Becouarn Y, 
Adenis A, Raoul JL, Gourgou-Bourgade S, de la Fouchardiere C, Bennouna J, 



Habermehl et al. European Journal of Medical Research 2014, 19:24 
http://www.eurjmedres.eom/content/1 9/1 /24 



Page 7 of 7 



10. 



12. 



14. 



16. 



17. 



19. 



20. 



21. 



22. 



23. 



24. 



25. 



26. 



Bachet JB, Khemissa-Akouz F, Pere-Verge D, Delbaldo C, Assenat E, Chauffert B, 

Michel P, Montoto-Grillot C, Ducreux M: FOLFIRINOX versus gemcitabine for 

metastatic pancreatic cancer. N Engl J Med 201 1 , 364(1 9):1 81 7-1 825. 

Burris HA 3rd, Moore MJ, Andersen J, Green MR, Rothenberg ML, Modiano MR, 

Cripps MC, Portenoy RK, Storniolo AM,Tarassoff P, Nelson R, Dorr FA, 

Stephens CD, Von Hoff DD: Improvements in survival and clinical benefit 

with gemcitabine as first-line therapy for patients with advanced pancreas 

cancer: a randomized trial. J Clin Oncol 1 997, 1 5(6):2403-241 3. 

Rothwell PM: External validity of randomised controlled trials: "to whom 

do the results of this trial apply?". Lancet 2005, 365(9453):82-93. 

Van Spall HG, Toren A, Kiss A, Fowler RA: Eligibility criteria of randomized 

controlled trials published in high-impact general medical journals: a 

systematic sampling review. JAMA 2007, 297(1 1):1 233-1 240. 

Coleman RE: Metastatic bone disease: clinical features, pathophysiology 

and treatment strategies. Cancer Treat Rev 2001, 27(3):1 65-1 76. 

Ramirez C, Blonski M, Belin C, Carpentier A, Taillia H: Brain metastasis: 

clinical and cognitive assessments. Bull Cancer 2013. 

Habermehl D, Haase K, Rieken S, Debus J, Combs SE: Defining the role of 

palliative radiotherapy in bone metastasis from primary liver cancer: an 

analysis of survival and treatment efficacy. Tumori 201 1, 97(5):609-613. 

Kong W, Jarvis CR, Sutton DS, Ding K, Mackillop WJ: The use of palliative 

whole brain radiotherapy in the management of brain metastases. 

Clin Oncol (R Coll Radiol) 2012, 24(1 0):e149-e 158. 

Hird A, Chow E, Yip D, Ross M, Hadi S, Flynn C, Sinclair E, Ko YJ: After 

radiotherapy, do bone metastases from gastrointestinal cancers show 

response rates similar to those of bone metastases from other primary 

cancers? Curr Oncol 2008, 1 5(5):21 9-225. 

Borad MJ, Saadati H, Lakshmipathy A, Campbell E, Hopper P, Jameson G, 
Von Hoff DD, Saif MW: Skeletal metastases in pancreatic cancer: a 
retrospective study and review of the literature. Yale J Biol Med 2009, 
82(1 ):1 -6. 

Da Silva AN, Nagayama K, Schlesinger DJ, Sheehan JP: Gamma Knife 
surgery for brain metastases from gastrointestinal cancer. J Neurosurg 
2009, 111(3):423-430. 

Gripp S, Moeller S, Bolke E, Schmitt G, Matuschek C, Asgari S, Asgharzadeh F, 

Roth S, Budach W, Franz M, Willers R: Survival prediction in terminally ill 

cancer patients by clinical estimates, laboratory tests, and self-rated anxiety 

and depression. J Clin Oncol 2007, 25(22)331 3-3320. 

Gripp S, Mjartan S, Boelke E, Willers R: Palliative radiotherapy tailored to 

life expectancy in end-stage cancer patients: reality or myth? 

Cancer 2010, 1 16(1 3):325 1-3256. 

Combs SE, Schulz-Ertner D, Thilmann C, Edler L, Debus J: Treatment of 
cerebral metastases from breast cancer with stereotactic radiosurgery. 

Strahlenther Onkol 2004, 180(9):590-596. 

Combs SE, Welzel T, Kessel K, Habermehl D, Rieken S, Schramm O, Debus J: 
Hearing preservation after radiotherapy for vestibular schwannomas is 
comparable to hearing deterioration in healthy adults and is 
accompanied by local tumor control and a highly preserved quality of 
life (QOL) as patients' self-reported outcome. Radiother Oncol 2013, 
106(2):175-180. 

Shaw E, Scott C, Souhami L, Dinapoli R, Kline R, Loeffler J, Farnan N: Single 
dose radiosurgical treatment of recurrent previously irradiated primary 
brain tumors and brain metastases: final report of RTOG protocol 90-05. 

IntJRadiat Oncol Biol Phys 2000, 47(2):291 -298. 
Herfarth KK, Debus J, Lohr F, Bahner ML, Fritz P, Hoss A, Schlegel W, 
Wannenmacher MF: Extracranial stereotactic radiation therapy: set-up 
accuracy of patients treated for liver metastases. Int J Radiat Oncol Biol 
Phys 2000, 46(2):329-335. 

Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrider JE, Shank B, 
Solin LJ, Wesson M: Tolerance of normal tissue to therapeutic irradiation. 

IntJRadiat Oncol Biol Phys 1991, 21 (1 ):1 09-1 22. 

Dawson LA, Normolle D, Baiter JM, McGinn CJ, Lawrence TS, Ten Haken RK: 

Analysis of radiation-induced liver disease using the Lyman NTCP model. 

Int J Radiat Oncol Biol Phys 2002, 53(4):81 0-821 . 

Christakis NA, Lamont EB: Extent and determinants of error in doctors' 

prognoses in terminally ill patients: prospective cohort study. BMJ 2000, 

320(7233):469-472. 

Llobera J, Esteva M, Rifa J, Benito E, Terrasa J, Rojas C, Pons O, Catalan G, 
Avella A: Terminal cancer, duration and prediction of survival time. 

Eur J Cancer 2000, 36(1 6):2036-2043. 



27. Chow E, Fung K, Panzarella T, Bezjak A, Danjoux C, Tannock I: A predictive 
model for survival in metastatic cancer patients attending an outpatient 
palliative radiotherapy clinic. Int J Radiat Oncol Biol Phys 2002, 

53(5):1 291 -1302. 

28. Hartsell WF, Desilvio M, Bruner DW, Scarantino C, Ivker R, Roach M 3rd, Suh J, 
Demas WF, Movsas B, Petersen IA, Konski AA: Can physicians accurately 
predict survival time in patients with metastatic cancer? Analysis of 
RTOG 97-14. J Palliat Med 2008, 1 1 (5):723-728. 

29. Ripamonti CI, Farina G, Garassino MC: Predictive models in palliative care. 
Cancer 2009, 115(13 Suppl):31 28-31 34. 

30. Holmebakk T, Solbakken A, Mala T, Nesbakken A: Clinical prediction of 
survival by surgeons for patients with incurable abdominal malignancy. 
Eur J Surg Oncol 201 1, 37(7):571-575. 

31 . de Castro SM, Biere SS, Lagarde SM, Busch OR, van Gulik TM, Gouma DJ: 
Validation of a nomogram for predicting survival after resection for 
adenocarcinoma of the pancreas. Br J Surg 2009, 96(4):41 7-423. 

32. lacobuzio-Donahue CA, Fu B, Yachida S, Luo M, Abe H, Henderson CM, 
Vilardell F, Wang Z, Keller JW, Banerjee P, Herman JM, Cameron JL, Yeo CJ, 
Halushka MK, Eshleman JR, Raben M, Klein AP, Hruban RH, Hidalgo M, 
Laheru D: DPC4 gene status of the primary carcinoma correlates with 
patterns of failure in patients with pancreatic cancer. J Clin Oncol 2009, 
27(1 1):1 806-1 81 3. 



doi:1 0.1 1 86/2047-783X-1 9-24 

Cite this article as: Habermehl et al.: Palliative radiation therapy in 
patients with metastasized pancreatic cancer - description of a rare pa- 
tient group. European Journal of Medical Research 201 4 19:24. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



